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Description

[0001] The present invention relates to methods of forming diamond compact dies used in drawing of a variety of
wires, such as metal wires and stainless steel wires, and pipes and to methods of forming diamond compact die semi-
manufactured products.

[0002] Natural diamond, artificial monocrystalline diamond, and diamond compacts are known for drawing wires and
pipes. The diamond compacts are categorized into a diamond compact surrounded by a cemented carbide reinforcing
holding ring and a diamond compact without a holding ring. In general, a diamond compact without a holding ring is
used for a die having a small outer diameter of 6 mm or less.

[0003] The diamond compact without a holding ring is embedded into nickel and copper powder and these are sintered
to form a die semi-manufactured product. The diamond compact in this process is metallurgically bonded to the metal
powder compact. In general, the diamond compacts are embedded by die fabricators to fit their sizes to sizes of the die
holders.

[0004] In contrast, a diamond compact having an outer diameter of 7 mm or more is generally provided with a holding
ring. The holding ring is a reinforcement for preventing the expansion of the diamond compact during the wire drawing.
[0005] Figure 2 shows a known diamond compact die having a die hole 4 in the center of a diamond compact die
semi-manufactured product of a diamond compact 1 that is reinforced with a cemented carbide holding ring 2. Since
the diamond compact is sintered at ultrahigh pressure and high temperature, it is metallurgically bonded to the cemented
carbide.

[0006] In general, a preliminary hole is provided in the center of a diamond compact with a holding ring by electric
spark machining and is polished to form a final product. In this process, perpendicular cracks are generated in the inner
face of the die, resulting in the formation of a defective product. The yield is significantly low, i.e., 70% to 80%, and
various attempts have been made to solve this problem. Unfortunately, this has not yet been solved and remains a well-
known problem in this industrial field.

[0007] A conventional diamond compact die semi-manufactured product with a holding ring is prepared by sintering
a mixture of diamond particles and a sintering material, and a cobalt flake binder, if necessary, in a cemented carbide
casing at ultrahigh pressure and high temperature. Thus, the cemented carbide case and the diamond compact are
metallurgically bonded at the ultrahigh pressure and high temperature. Since the cemented carbide has a thermal
expansion coefficient larger than that of the diamond compact, the diamond compact has compressive residual stress
across the diameter after cooling. This stress reinforces the diamond compact by cramping.

[0008] However, this thermal stress is also present across the height of the die. Since the holding ring shrinks across
the height, tensile stress remains across the height of the hole provided in the center of the diamond compact. When
the center of the diamond compact is perforated, perpendicular cracks are readily generated on the hole of the diamond
compact. It is likely that these cracks are generated by the imbalance of stress after perforation, although no crack is
generated before perforation.

[0009] Also in a diamond compact embedded into a nickel or copper powder compact, tensile stress occurs on the
surface of the die hole.

[0010] The present invention is achieved for solving these known problems.

[0011] DE 697363, FR 876118 and US 3831428 relate to dies/devices for the drawing of wires.

[0012] Accordingly, the present invention provides a method of forming a semi-manufactureddiamond compact die
comprising a diamond compact and a holding ring, the method comprising the steps of:

providing a cylindrical holding ring, the inner diameter thereof being tapered;

providing a diamond compact which is tapered so as to fit to the taper of the cylindrical holding ring;

joining the diamond compact and the cylindrical holding ring, wherein the joining consists in press-fitting the diamond
compact to the cylindrical holding ring, and wherein the diamond compact and the cylindrical holding ring are not
metallurgically bonded to each other; and

wherein the cylindrical holding ring is composed of a tungsten alloy.

[0013] Preferably, the diamond compact has a diamond content in the range of 70% to 95% by volume. The tapered
face of the diamond compact is formed by electric spark machining.

[0014] Preferably, the tungsten alloy comprises 90% to 98.2% by weight of tungsten and 1.8% to 10% by weight of
nickel.

[0015] The nickel may be partly replaced with at least one element selected from the group consisting of copper,
cobalt, and iron, wherein the contents of these elements in the tungsten alloy are as follows:

copper: 0% to 2.5% by weight
cobalt: 0% to 1.7% by weight
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EP 1 510 266 B1
iron: 0% to 2.8% by weight

[0016] More preferably, the nickel content is in the range of 1.8% to 7.5% by weight.
[0017] In the present invention, the diamond compact die semi-manufactured product is perforated in its center to
form a diamond compact die. A face having a larger diameter diamond compact functions as a wire drawing inlet.

Brief Description of the Drawings
[0018]

Figure 1 is a cross-sectional view of a diamond compact die prepared by the method of the present invention,
Figure 2 shows a conventional die in which cemented carbide and a diamond compact are bonded to each other
during sintering,

Figure 3 is a schematic cross-sectional view showing a stress state. The left represents a conventional die, and the
right represents the die according to the method of the present invention.

Best Mode for Carrying Out the Invention

[0019] We searched for causes of the known problems. A diamond die compact bonded to conventional cemented
carbide during sintering shrinks both across the diameter and the height when it is cooled to normal temperature. Figure
3 is a cross-sectional view illustrating a stress of a diamond compact die, the stress being calculated by the finite element
method. The drawing on the left in Fig. 3 represents the residual stress of a conventional die, while the drawing on the
right represents the residual stress of a die according to the present invention. The shaded areas 5 in the drawings
represent high tensile residual stress.

[0020] Figure 3 shows that the tensile residual stress resides on the surface of a port of the wire drawing hole and the
surface of the minimum diameter portion. When the die hole is processed, cracks will be generated perpendicularly to
the hole at these portions with high probability.

[0021] The most important issue for solving the above problem is to form a structure in which the diamond compact
and the holding ring are not metallurgically bonded to each other. A possible method is to shrink fit the diamond compact
to a holding ring made of a metal such as tool steel to prevent metallurgically bonding. However, diamond compact dies
prepared by this process cracked and were not used in practical wire drawing. This is probably due to insufficient clamping
force.

[0022] For shrink fitting, the outer diameter of the diamond compact must be precisely finished. The diamond compact
is difficult to process, and therefore it cannot be processed to a desired accuracy at low cost. This is a primary reason
inhibiting practical use.

[0023] In the present invention, as shown in Fig. 1, a frusto-conical diamond compact 1 having a taper 3 is press-fit
to a tapered holding ring 2 to ensure radial clamping force that counterworks radial outward force during wire drawing.
Since the press-fit diamond compact 1 has small residual stress across the height, cracks are not generated during
perforation. The diamond compact is not metallurgically bonded to the tungsten alloy of the holding ring.

[0024] The stress of the diamond compact die according to the present invention is shown on the left of Fig. 3. No
residual stress resides on the surface of the die hole, thus preventing horizontal cracking during the formation of the die
hole.

[0025] Materials for the holding ring surrounding the diamond compact 1 preferably have a high Young’s modulus for
high-clamping of the diamond compact. Cemented carbide is one candidate for such materials. However, cemented
carbide contains tungsten carbide having high hardness; hence, it is a processing resistant material that significantly
increases taper processing costs.

[0026] Accordingly, in the present invention, a tungsten alloy having high processability and a high Young’'s modulus
may be used as described below. Preferably, the tungsten alloy contains 90% to 98.2% by weight of tungsten and 1.8%
to 10% by weight of nickel. In addition, the nickel is partly replaced with at least one element selected from the group
consisting of copper, cobalt, and iron, wherein the contents of these elements in the tungsten alloy are as follows:

copper: 0% to 2.5% by weight
cobalt: 0% to 1.7% by weight
iron: 0% to 2.8% by weight

[0027] This alloy is used as a weight of a self-winding wristwatch and is readily processed irrespective of the tungsten-
containing alloy. The tungsten-containing alloy has a small thermal expansion coefficient and thus does not cause a
significant change in internal stress with the change in temperature from room temperature to 350°C when it is used as
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a die.

[0028] In the diamond compact according to the present invention, the diamond content is preferably in the range of
70% to 95% by volume. A content less than 70% by volume leads to poor abrasion resistance, whereas a content
exceeding 95% by volume leads to low conductivity of the compact that inhibits electric spark machining.

[0029] The present invention is particularly effective for drawing a wire having a large diameter, but is not limited to a
specific field. Preferably, the holding ring has an outer diameter of about 14.5 mm to 35 mm, and the diamond compact
has an outer diameter of about 9 mm to 19 mm and a height of about 7.5 mm to 19 mm. If the outer diameter of the
diamond compact is less than 9 mm, the compact is too inexpensive to apply the press fitting process according to the
present invention. If the outer diameter exceeds 19 mm, the wire diameter is generally reduced by drawing rollers in
industrial applications. However, a process using a die ensures high quality; hence, dies may be used in some applications
even if the outer diameter exceeds 19 mm.

[0030] Diamond compacts without holding rings are prepared at a higher yield in one ultrahigh pressure, high tem-
perature sintering process than diamond compacts with holding rings. Since the ultrahigh pressure, high temperature
sintering process requires a large facility, the compact yield per process greatly affects the die costs. In the present
invention, a disk diamond compact is milled into a truncated cone by electric spark machining, and the truncated cone
is press-fit to a tapered holding ring to form a diamond compact die semi-manufactured product, thus ensuring high
volume efficiency. In contrast, the conventional process by simultaneous sintering of the holding ring and the diamond
compact shows low volume efficiency.

[0031] The present invention is also characterized in that the tapered face of the diamond compact, which is press-
fit, is formed by electric spark machining. Since conventional electric spark machining conditions have poor processing
accuracy, a fitting face to the holding component cannot be formed with high accuracy. The present inventors have
investigated various electric spark machining conditions and discovered an electric spark machining condition with an
accuracy of 0.01 mm.

[0032] On the surface of a conventional diamond compact formed by electric spark machining, a surface deteriorated
layer with a thickness of several micrometers is formed, and this layer must be removed before press fitting. It is believed
that polishing is essential for removing this layer. The present inventors have investigated various electric spark machining
conditions and have succeeded in the largest possible reduction in thickness of the deteriorated layer by milling a diamond
compact disk into a truncated cone and by processing the cone by electric spark machining at a reduced current.
[0033] The size of the taper is preferably in the range of 1/100 to 5/100. A taper size of less than 1/100 exhibits poor
clamping force and does not show metallurgical bonding; hence, the diamond compact may pull out from the holding
ring toward the drawing direction in the use of the die. A taper size exceeding 5/100 causes large friction during press
fitting and may damage the diamond compact. More preferably, the taper size is in the range of 2/100 to 4/100.

(EXAMPLE 1)

[0034] In a ball mill, 90% to 92% by volume of diamond powder with a particle diameter of 5 um to 25 um and cobalt
powder were mixed and pulverized. This powder was placed into a tungsten vessel, and the vessel was covered with
a cobalt plate. The powder was sintered at 1500°C and a pressure of 5 GPa. The tungsten vessel was removed from
the surface of the compact by grinding to form a disk. A truncated cone with a diameter of 16 mm, a thickness of 16 mm,
and a taper of 3/100 was formed by wire electric spark machining. After this process, the deteriorated layer formed by
the electric spark machining and the unremoved portions were removed at a reduced current, where the unremoved
portions indicated projections that are formed at the leading end and the trailing end of the electric spark machining.
Ten diamond compact die semi-manufactured products were prepared in such a manner.

[0035] Also 95.4% by weight of tungsten powder, 3.05% by weight of nickel powder, and 1.55% by weight of iron
powder were mixed and were sintered in a hydrogen atmosphere to prepare ten compacts with an outer diameter of 25
mm and a thickness of 16.5 mm.

[0036] These compacts were processed into an outer diameter of 24.13 mm, a minimum inner taper diameter of 16
mm, and a thickness of 16 mm. The processed inner diameter had a taper of 3/100.

[0037] Each resulting diamond compact was fitted to a holding ring, and these were pressed under a total load of 6
tons to form a diamond compact die semi-manufactured product. A total load of 3.5 tons was necessary for extracting
the diamond compact from the inverted semi-manufactured product.

[0038] A die hole for drawing with a diameter of 6 mm was provided to each of the ten diamond compact die semi-
manufactured products such that the maximum position of the taper of the diamond compact functioned as the inlet of
a drawn wire. Copper pipes were successfully drawn through all the ten samples without generation of perpendicular
cracks.
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(EXAMPLE 2)
[0039] Ten holding rings were prepared as in EXAMPLE 1 except that the composition of the tungsten alloy was varied

as shown in the Table below. Diamond compacts prepared as in EXAMPLE 1 were fitted to these holding rings to make
ten dies. All the dies were nondefective products with no cracks in the holes.

[Table]
% indicates % by weight.
Sample No. | Tungsten (%) | Nickel (%) | Copper (%) | Cobalt (%) | Iron (%)
1 95 5
2 95 3 0.7 0.6 0.7
3 96 3 0.5 0.5
4 90 7 02 2.8
5 90 3 25 1.7 2.8

Industrial Applicability

[0040] As described above, the present invention provides a large die that is necessary for drawing a wire with a large
diameter. Since the stress is well balanced, the die does not crack during the die processing. Conventional production
exhibits an inevitable low yield. The yield is markedly improved in the present invention. Such a high yield facilitates
production planning in factories.

Claims

1. A method of forming a semi-manufactured diamond compact die comprising a diamond compact and a holding ring,
the method comprising the steps of:

providing a cylindrical holding ring (2), the inner diameter thereof being tapered;

providing a diamond compact (1) which is tapered so as to fit to the taper of the cylindrical holding ring (2);
joining the diamond compact (1) and the cylindrical holding ring (2), wherein the joining consists in press-fitting
the diamond compact (1) to the cylindrical holding ring (2), and wherein the diamond compact (1) and the
cylindrical holding ring (2) are not metallurgically bonded to each other; and

the method being characterised in that the cylindrical holding ring (2) is composed of a tungsten alloy.

2. A method according to claim 1, wherein the diamond compact (1) has a diamond content in the range of 70% to
95% by volume.

3. A method of forming a diamond compact die comprising a diamond compact (1) and a holding ring (2), characterized
by:

providing a semi-manufactured diamond compact die formed by the method defined in claim 1 or claim 2; and
forming a wire drawing hole (4) in the center of the diamond compact (1).

4. Amethod according to claim 3, wherein a face having a larger diameter diamond compact functions as a wire drawing

5. A method according to any one of claims 1 to 4, wherein the tapered face of the diamond compact (1) is formed by
electric spark machining.

6. A method according to any one of claims 1 to 5, wherein the tungsten alloy comprises 90% to 98.2% by weight of
tungsten and 1.8% to 10% by weight of nickel.

7. A method according to claim 6, wherein the nickel is partly replaced with at least one element selected from copper,
cobalt, and iron, wherein the contents of these elements are as follows:
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copper: 0% to 2.5% by weight
cobalt: 0% to 1.7% by weight
iron: 0% to 2.8% by weight

8. A method according to any one of claims 1 to 7, wherein the size of the taper (3) is in the range of 1/100 to 5/100.

Patentanspriiche

Verfahren zur Herstellung einer Halbfertigmatrize aus einem Diamantpresskorper, umfassend einen Diamantpres-
skorper und einen Haltering, wobei das Verfahren folgende Schritte umfasst:

Bereitstellen eines zylindrischen Halterings (2), dessen Innendurchmesser verjiingt ausgebildet ist;
Bereitstellen eines Diamantpresskorpers (1), welcher verjlingt ausgebildet ist, um so zu der Verjingung des
zylindrischen Halterings (2) zu passen;

Verbinden des Diamantpresskorpers (1) und des zylindrischen Halterings (2), wobei die Verbindung gebildet
wird, indem der Diamantpresskoérper (1) in den zylindrischen Haltering (2) eingepresst wird, und wobei der
Diamantpresskérper (1) und der zylindrische Haltering (2) metallurgisch nicht miteinander verbunden sind; und

wobei das Verfahren dadurch gekennzeichnet ist, dass der zylindrische Haltering (2) aus einer Wolframlegierung
besteht.

Verfahren nach Anspruch 1, wobei der Diamantpresskorper (1) einen Diamantgehalt in dem Bereich von 70 bis 95
Vol.-% aufweist.

Verfahren zur Herstellung einer Matrize aus einem Diamantpresskérper umfassend einen Diamantpresskorper (1)
und einen Haltering (2), gekennzeichnet durch:

Bereitstellen einer Halbfertigmatrize aus einem Diamantpresskérper, gebildet durch das in Anspruch 1 oder
Anspruch 2 definierte Verfahren; und
Formen eines Ziehdrahtlochs (wire drawing hole) (4) in dem Mittelpunkt des Diamantpresskérpers (1).

Verfahren nach Anspruch 3, wobei eine Flache des Diamantpresskorpers mit einem gréReren Durchmesser als ein
Ziehdrahteinlass dient.

Verfahren nach einem der Anspriiche 1 bis 4, wobei die verjiingte Flache des Diamantpresskdrpers (1) durch
Funkenerodierung gebildet wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei die Wolframlegierung 90 Gew.% bis 98,2 Gew.% Wolfram und
1,8 bis 10 Gew.% Nickel umfasst.

Verfahren nach Anspruch 6, wobei das Nickel teilweise durch wenigstens ein Element ersetzt wird, gewahit aus
Kupfer, Kobalt und Eisen, wobei die Anteile dieser Elemente wie folgt sind:

Kupfer: 0 bis 2,5 Gew.%
Kobalt: 0 bis 1,7 Gew.%
Eisen: 0 bis 2,8 Gew.%

Verfahren nach einem der Anspriiche 1 bis 7, wobei die GréRe der Verjingung (3) in dem Bereich von 1/100 bis
5/100 liegt.

Revendications

Procédé de formation d’une filiére pour corps compacts a diamant semi-finie comprenant un corps compact a
diamant et une bague support, le procédé comprenant les étapes consistant a :

fournir une bague support cylindrique (2), son diamétre interne étant aminci ;
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fournir un corps compact a diamant (1) qui est aminci pour s’adapter a 'amincissement de la bague support
cylindrique (2) ;

réunir le corps compact a diamant (1) et la bague support cylindrique (2), ou la réunion consiste a emmancher
par pression le corps compact a diamant (1) sur la bague support cylindrique (2) et ou le corps compact a
diamant (1) et la bague support cylindrique (2) ne sont pas, liés métallurgiquement I'un a l'autre ; et

le procédé étant caractérisé en ce que la bague support cylindrique (2) est constituée d’un alliage de tungsténe.

Procédé selon la revendication 1, dans lequel le corps compact a diamant (1) possede une teneur en diamant allant
de 70 % a 95 % en volume.

Procédé de formation d’une filiére pour corps compacts a diamant comprenant un corps compact a diamant (1) et
une bague support (2), caractérisé en ce que 'on

fournit une filiere pour corps compact a diamant semi-finie formée par le procédé défini selon la revendication 1 ou
la revendication 2 ; et

forme un orifice d’étirement de fil (4) au centre du corps compact a diamant (1).

Procédé selon la revendication 3, dans lequel une face ayant un corps compact a diamant de plus gros diamétre
fonctionne comme un orifice d’entrée d’étirement dui fil.

Procédé selon I'une quelconque des revendications 1 a 4, dans lequel la face amincie du corps compact a diamant
(1) est formée par usinage a arc électrique.

Procédé selon 'une quelconque des revendications 1 a 5, dans lequel I'alliage de tungsténe comprend 90 % a 98,2
% en poids de tungsténe et 1,8 % a 10 % en poids de nickel.

Procédé selon la revendication 6, dans lequel le nickel est partiellement remplacé par au moins un élément choisi
parmi le cuivre, le cobalt et le fer, ou les teneurs en ces éléments sont les suivantes :

cuivre : 0 % a 2,5 % en poids
cobalt: 0 % a 1,7 % en poids
fer: 0 % a 2,8 % en poids

Procédé selon 'une quelconque des revendications 1 a 7, dans lequel la taille de 'amincissement (3) est située
dans une plage allant de 1/100 a 5/100.
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Fig. 3
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